Abstract: It is widely accepted that the accumulation of gypsum in gypsifcrous soils results in very low fertility, even with application of fertilizers and organic amendments. The objectives were to investigate, in laboratory experiments, the effect ofgypsum on the solubility of 13 nutrients and how amending the soil with organic peat moss may mitigate the impact of gypsum on nutrients and soil fertility. A 100-g sample of gypsum-free soil (Sharpsburg Fine, montmorillonitic. mesic Typic Argiudolls) was treated with increasing amounts of gypsum (0, 1. 5, 10. 15, 20. 30. and 50 g), then water was added to the mixtures to reach 50% of the water saturation capacity. Another set of soil/gypsum mixtures received 5-g peat to study the effect of peat application. Al! mixtures were incubated at 32°C for IS weeks. After incubation, the concentration of water-soluble nutrients was measured. In general, the addition of gypsum increased the solubility of N. K. Ca, Mg. Mn. Cl, and S. whereas it decreased the solubilit y of P, Na. Fe. Cu, Zn, and B. The application of peat increased the solubility of all nutrients investigated, except for N and S. Chemical reactions and mechanisms were applied to interpret the effects of both gypsum and peat treatments on nutrient solubility and their relationship to soil fertility and crop production. The application of peat improved the solubility of most nutrients and proved to be useful as an amendment for gypsum-rich soils and increases its productivity.
of calcium (Ca) and sulfate ions in soil solution (Elrashidi et al., 2007) , which may negatively affect the solubility of other essential nutrients such as phosphorus, iron (Fe), and manganese (Mn) in the soil (Lindsay. 1979) . Moreover, the high salinity in soil may have physiological effects on reducing nutrient uptake and plant growth.
Essential nutrients for higher plants include carbon (C). hydrogen (H). oxygen (0), nitrogen (N), phosphorus (P). sulfur (5). potassium (K). Ca. magnesium (Mg). Fe. Mn, copper (Cu). zinc (Zn). molybdenum (Mo), boron (B), and chloride (CL) (Mengel and Kirkby. 1952) . Sodium (Na) has not been established as an essential nutrient for all higher plants. Carbon, H. and 0 are taken up by plants in the form of CO 2 gas and water: the test of the nutrients are mainly taken as inorganic chemicals (ions) from soil and/or water.
Understanding the effect of gypsum content on the solubility of essential plant nutrients is important in determining the potential productivity of gypsum-rich soils. Most studies on gypsiferous soils have measured nutrient uptake by plants as an indicator of the effect of gypsum application oti different element concentrations in soil solution. Few studies have investigated the ellèct of gypsum directly on the concentration of elements in soil solution. The application of organic materials, such as peat or animal manure, can mitigate the negative impact of gypsum on soil fertility and improves soil productivity. Furthermore, the presence of organic materials in soils enhances the growth of microorganisms that affect element concentration in soils through various chemical reactions/processes: (i) enhancing the bioaccumulation of cellular organic forms of elements. (ii) releasing organic acids and chelating compounds that dissolve inorganic minerals, and (iii) increasing the fonitation of element-organic complexes (Stevenson. 1991 : Elrashidi et al., 1999 . The application of peat can also improve physical properties of soil that have positive effects on soil fertility and crop productivity. However, in this research, we only investigated the effects of gypsum and peat on the solubility of nutrients in noncalcarcous soils.
The objectives of this study were to investigate (in laboratory experiments) (i) the effects of increasing levels of gypsum on the solubility of 13 nutrients (N. P. K. Na, Ca. Mg, Fe, Mn. B, 5, Cl, Cu, and Zn) in soil and (ii) how the application of peat moss may mitigate the negative impact of gypsum on the solubility of these elements in soil.
MATERIALS AND METHODS

Effect of Gypsum and Peat on Nutrients
The ellèct of gypstuii on nutrient soluhility in soil was investigated in a laboratory experiment. An air-dried less than 2-mm gypsum/calcite-free soil (Sharpsburg Fine, montmorillonitic, mesic Typic Argiudolls) was used. A lOO-g soil sample was treated with increasing amounts (0, I. 5, 10, 15, 20. 30, and 50 (1 ) of gypsum (CaSO4 .2H 2 0. analytical reagent) in separate 250-mL plastic beakers. The required amounts of soil and gypsum were mixed thoroughl y. and then deionized water was added to the mixture to reach 50% of' the water saturation capacity. The water saturation capacity (%) (P. K, Na, Ca, Mg, Fe, Mn, Cu. Zn, and B) were determined in the filtrate by inductively coupled plasma optical emission spectrometry (Perkin Elmer 3300 DV) . Nitrate , sulfate (SO 4 ). and chloride (Cl ) 
RESULTS AND DISCUSSIONS
Selected properties of the gypsum/calcite-free soil sample used for this study (Sharpsburg Fine, montmorillonitic, mesic Typic Argiudolls) were as follows. The clay, silt, and sand percentages were 38.9%, 59.7%, and 1.4%. respectively. The soil PH was 6.7 for water and 6.1 in 0.01 M CaCI, Mg. Na. and K were 18.3, 7.1, 0.0. and 1.2 crnol(+) SO 4 , (Fig. 1A) . In a field experiment in South Central Montana, Cates et al. (1983) compared the effectiveness of both spent sulfuric acid (copper smelters waste) and gypsum for reclaiming calcareous saline sodic soils. They found that gypsum lowered pH values more than an equivalent rate of the smelter acid. Shainberg et al. (1989) reported that the magnitude of the pH change caused by gypsum addition was usually small (0.2-0.3 p1-I units) and typically was not detectable in an electrolyte suspension but only when pH was measured in water.
For the soil and soil/gypsum mixtures, the application of peat decreased the pH in the water extract by about one unit regardless of the level of gypsum content (Fig. IA) . These results suggest no interactions between peat and gypsum that affect the soil pH.
Expectedly, the addition of gypsum seemed to increase the soluble salts in the soil (Fig. I B) . The addition of I g of gypsum to a 100-g soil sample increased the EC value in water from 0.34 to 1.69 dS/m. The value of EC increased to 2.40 dS/m by the addition of 5 g gypsum, then it remained almost constant when gypsum increased from 5 through 50 g. This constant EC may suggest that the concentration of salts in these mixtures was controlled by the solubility of sparingly soluble minerals (Lindsay. 1979 : Elrashidi et al., 2007 . In general, the application of peat slightly decreased the EC value in the soil and soil/gypsum mixtures relative to the no-peat samples (Fig. I B) . The sorption of ions (cations and anions) by organic matter sites could be attributed to decreasing the concentration of soluble salts in water. In addition, the formation of insoluble metal-organic complexes might decrease the amount of soluble salts and the EC value in the water extract (Stevenson, 1991 : Elrashidi et al.. 1999 ).
Nitrogen and Phosphorus
The effect of gypsum on the N0 1 -N concentration in water was dependent upon the amount of gypsum added to the 100-g soil sample (Fig. 2A ). The addition of 1.0 g of gypsum had little effect on the concentration of NO 3 -N, whereas increasing the added gypsum from 5 through 20 g significantly increased the concentration of N0 1 -N. However, when the amount of gypsum in the lOO-g soil sample was in excess of 20 g, the concentration of NO 3-N decreased significantly. Singh and Taneja (1977) reported that the rate of N mineralization in soils is usually stimulated by the addition of gypsum at a rate of 2.5 to 5 t/ha. However, the addition of higher rates of gypsum (7.5-I0 t/ha) led to a lower level of N mineralization. It is believed that the addition of gypsum at a low rate stimulates soil microorganisms responsible for mineralization (Singh and Taneja, 1977) .
The application of peat to the soil/gypsum mixtures significantly decreased the concentration of NO 3 -N in water ( Fig. 2A) . The application of organic matter usually increases the biological activity in soil and enhances the accumulation of N in cellular organic forms. In the present study, the magnitude of N immobilization by microorganisms seemed to not be significantly affected by the addition of gypsum. The positive effect of gypsum on N mineralization (Singh and Taneja, 1977) might have been overshadowed by the biological accumulation of N by microorganisms. The latter reaction was enhanced by a suitable C:N ratio in the mixtures.
In general, the addition of different amounts of gypsum to Sharpsburg soil decreased the concentration of P in water extract (Fig. 213) . The addition of high concentrations of Ca ions could contribute to the decrease in P solubility. Calcium enhances the formation of basic calcium phosphate minerals that lower the concentration of phosphate in the water extract. Larsen et al. (1965) suggested that the decrease in labile phosphate could be the result of the formation of a crystalline basic calcium phosphate at a rate that increases with increases in soil pH. In (2006) studied the effect of gypsum on the loss of P in runoff from Miami silt loam soil. They concluded that gypsum significantly decreased the mass loss in runoff of dissolved P and attributed that to increasing Ca in the soil solution. Furthermore, Stout and Sharpley (2000) found that coal combustion by-products (CCB) that are rich in gypsum and agricultural gypsum reduced the dissolved P concentration in runoff from soils by 43% and 33%, respectively. In column experiments, Elrashidi et al. (1999) reported a large reduction for P concentration (87.7%) in leachate generated from dairy feedlot surface treated with CCB. They attributed the low P concentration in leachate mainly to the precipitation of insoluble calcium phosphate minerals because of the presence of high concentrations of Ca in the CCB. Moore and Miller (1994) and Coale et al. (1994) indicated that gypsum may reduce P solubility by enhancing Ca-P precipitation. A common perception of increased P sorption in the presence of high concentrations of Ca is via the precipitation of Ca phosphates. This would seem unlikely at the slightly acidic pH (6.7) for Sharpsburg soil. Thus, it is more likely that the mechanism of P retention would be through chemisorption of P on Al and Fe either through adsorption or surface-enhanced heterogeneous precipitation. The high concentration of SO42_ ions and acidity, associated with gypsum, may destabilize clay mineral surfaces that release Al and Fe in the soil solution. In addition, the Ca added with gypsum could replace both Al and Fe on surfaces of clay minerals and releases more ions in the solLition phase. In their study to reduce P in runoff from watersheds in South Australia, Cox et al. (2005) concluded that the addition of gypsum can increase the ability of the soils to retain P by the exchange of Ca for Al, Fe, and Mn.
Contrary to nitrate-N, the application of peat increased the solubility of P in the water extract for both the soil and soil/ gypsuni mixtures (Fig. 213) . The heavy growth of microorganisms, associated with peat, could secrete large amounts of organic acids and chelating compounds. Organic acids and chelating compounds could dissolve insoluble phosphate minerals and release P into the soil solution (Stevenson, 1991) .
Potassium and Sodium
The addition of gypsum significantly increased the concentration of K in Sharpsburg soil (Fig. 3A) . However, increasing the amount of gypsum did not proportionally increase the K concentration in the soil and soil/gypsum mixtures. Calcium ions could replace K ions on the exchangeable surfaces as well as K ions trapped in a nonexchangeable form (interlayering) in the expanding 2:1 clay minerals (i.e., montmorillonite, vermiculite, and micas). The X-ray analysis indicated that clay minerals in Sharpsburg soil include smectite and micas. Furthermore, the application of peat significantly increased the concentration of K in the soil and soil/gypsum mixtures. This could be caused by the dissolution of K-containing minerals (i.e., feldspars) by organic acids and chelating compounds. The chemical analyses of the peat sample (Table 2 ) indicated the presence of small amounts of nutrients including K (109 mg/kg). Thus, some of the increase in K concentration could be attributed to the additive effect (0.54 mg 1<1100 g soil).
Unexpectedly, the addition of gypsum seemed to decrease the concentration of Na in Sharpsburg soil (Fig. 313) . The considerable amount of SO 42 ions (added with gypsum) increased the formation of soluble NaSO 4 -species in water, which could be retained by the anion sorption sites on the clay mineral surfaces. The Sharpsburg soil has an extremely low content of Na, which is mainly present in the soil solunon (actually, exchangeable Na was undetectable). This scenario made it possible for the NaSO 4 species to play an important role in decreasing the Na ion concentration in the soil/gypsum mixtures. When soils have relatively high contents of Na, it is mainly located in the exchangeable phase. Under this condition, the added SO42 would remove the exchangeable Na ions into the soil solution. It is likely that the exchangeable reaction could overshadow the formation of NaSO 4 species. Similar to K. the application of peat significantly increased the Na concentration in the soil/gypsum mixtures (Fig. 313) . Factors that contributed to the increase in K concentration could also be applied to Na. Furthermore, the rate of Na increase, as a result of the peat application, seemed to increase by increasing the percentage of gypsum in the mixtures.
Calcium and Magnesium
Expectedly, gypsum added a considerable amount of Ca to the soil, and it increased with increasing the amount of gypsum (Fig. 4A) . The application of peat raised the soil acidity (Fig. IA) , which could increase the dissolution of gypsum and Ca-containing minerals. Furthermore, a small amount of Ca might be added to the soil with the 5-g peat sample.
Meanwhile, addition of gypsum increased the magnesium (Mg) concentration in the water extract because the Ca ions added with gypsum could replace the exchangeable Mg on the clay surfaces (Fig. 413) . Shainberg et al. (1989) reported that gypsum applied at the soil surface is likely to help Ca in replacing other exchangeable cations, notably Mg, and render it prone to leaching. This depletion of Mg from the top soil can have serious consequences, particularly on sandy soils with low CEC. Similar to Ca, the application of peat significantly increased the Mg concentration in the water extract. Factors that contributed to the Ca increase as a result of the peat application could be applied to Mg.
Iron and Manganese
In general, the addition of gypsum increased the concentration ofMn in Sharpsburg soil (Fig. 5A) . Under well-oxidized conditions, Mn is present in soil as manganite (MnOOH) and/or pyrolusite (MnO,) minerals (Lindsay, 1979) . The addition of high concentrations of SO 42 -to Sharpsburg soil could convert Mn-containing minerals such as manganite to Mn2 (SO4 ) 3 where Mn is present in the oxidized Mn 3 form. Thus, the solubility of Mn 2( SO4 ) 3 mineral should increase with increasing amounts of gypsum being added to mitigate the soil acidity. Shainberg et al. (1989) concluded that the Mn concentration in soil solution consistently increases after the addition of gypsum. On the other hand, the application of peat considerably increased the concentration of Mn in Sharpsburg soil (Fig. 5A) . The presence of peat generates reducing conditions in the soil/gypsum system that could reduce Mn 3 ions in [Mn2(504 )3 ] mineral to Mn*S, such as in MnSO4 and/or M11SO 4 .H20 that has a much higher solubility in water. Furthermore, increasing gypsum percentage seemed to increase the rate of Mn increase in the mixtures. This could be attributed to the increase in acidity with the addition of gypsum. The concentration of water-soluble Fe was about 49 mg/kg in Sharpsburg soil ( Table 2 ). As can be seen, the Fe concentration in water was below the detection limit for all soil samples treated with various amounts of gypsum. It is well known, however, that Fe presents mainly in the high oxidation Fe 1 3 form in well-aerated soils (Lindsay, 1979) . As previously mentioned, the addition of gypsum decreased the soil pH value Soil Science • Volume 175, Number 4, April 2010 by about one unit (Fig. IA) , which could increase the sorption of Fe 3 ions on the colloidal oxide/hydroxide and clay mineral surfaces (Sposito, 1985) . Furthermore, the addition of high concentrations of SO42_ ions in the presence of K could enhance the formation of jarosite mineral [KFe 3 (SO4 )2(OH) 61 in soils under the acidic environment (Lindsay. 1979; O'Brien and Sumner, 1988) . Thus, both the Fe sorption reaction and formation of jarosite mineral could remove Fe 1 3 from solution, which would explain the effect of gypsum on decreasing Fe solubility in this soil. O'Brien and Sumner (1988) gave a similar explanation for lowering Al concentration through the precipitation of alunite mineral [KAI3(SO4 (OH)10] .
The application of peat increased the Fe concentration from 48.9 to 74.2 mg/kg in the Sharpsburg soil sample (Table 2 ). This increase could be attributed to the reduction of Fe -3 to Fe 12 ions, which have much higher solubility in water (Lindsay, 1979) . However, the addition of gypsum decreased the Fe concentration in water below the detection limit for all soil samples treated with peat. One should have expected that the low redox potential generated by peat in the soil/gypsum mixtures would result in the formation of considerable amounts of ferrous ions and increase the solubility. But it seemed that the formation of insoluble ferric sulfate mineral, such as jarosite [KFe3(SO4)2(OH)6] might be the dominant mechanism controlling the Fe solubility in these soil/gypsum/peat mixtures. 
Boron
The data indicate that the addition of gypsum significantly decreased the concentration of B in Sharpsburg soil and soil/peat mixtures (Fig. SB) . Increasing gypsum addition from I through 50 g/kg soil did not change the decreasing rate of B in soil. In field studies conducted on sandy loam soil, Carter and Cutcliffe (1990) found that addition of gypsum decreased B concentration in the leaf tissue of Brussels sprouts as the soil p1-I level decreased. The addition of gypsum introduces high concentrations of 5Q42_ ions and associated acidity, which can destabilize clay mineral surfaces and expose new sorption sites. This process could increase B sorption by clay minerals in soil. Furthermore, the salinity introduced to soil with gypsum addition (Fig. 2) could also increase B sorption. Fleet (1965) and Couch and Grim (1968) concluded that the increased B sorption with salinity may be caused by increased dissociation of I-131303 caused by salt effects. Another explanation for the negative effect of gypsum on B concentration could be related to the large amount of Ca added with gypsum. Calcium ions attached to clay minerals could enhance B sorption by acting as a bridge between clay surfaces and l-17B0 3 ions O'Connor, 1982: Keren, 1996) .
The application of peat (5 g/100-g soil) increased the B concentration in Sharpsburg soil (from 2.80 to 3.39 mg/kg soil: Table 2 ). The 5-g peat sample had approximately 0.5 mg B, which implies that a large portion of this increase could be attributed to the addition of B with the 5-g peat sample.
Interactions between peat organic compounds and soil minerals could be another mechanism contributing to the increased B. Organic acids and chelating compounds could dissolve minerals (i.e., tourmaline) and release B into the soil solution (Stevenson, 1991) .
Sulfur and Chloride
Expectedly, the addition of gypsum considerably increased the concentration of SO 42 in the soil investigated (Fig. 6A) . In a 2-year field experiment, Zheljazkov et al. (2006) reported that gypsum application on dykeland soil increased dry matter yields and Mehlich3-extractable S and S uptake by plants.
The effect of peat application on the concentration of 5042_ seemed to be dependent upon the amount of gypsum added to the soil. The application of peat decreased the concentration of SO 42 when the gypsum rate was 10 g/100 g soil or less while increasing the concentration in the soil sample when the gypsum addition was above that rate. In Louisiana, Viator et al. (2002) found that subsoil and within-row application of gypsum and compost increased leaf S concentration of sugarcane grown on a silty clay loam soil.
The decrease in the concentration of SO4 -could be attributed to the increase in the activity of microorganisms in the soil and/or the conversion of some sulfate to sulfide caused by the low redox potential (Lindsay, 1979) . On the other hand, microorganisms could secrete organic acids that help in dissolving gypsum and increase the concentration of SO42 ions. Thus, these three reactions could be functioning simultaneously and affecting the concentration of SO 4 in the soil/ gypsum/peat mixtures. The first two reactions (bioaccumulation of organic Sand the reduction of sulfate to sulfide) seemed to be more important when the gypsum content in soil is 10 g/100 g soil or less. On the other hand, the dissolution of gypsum by organic acids seemed to be the dominant mechanism when the gypsum content in soil is above this threshold. Furthermore, the high sulfate concentrations and strong acidity, associated with high gypsum content, could enhance the dissolution process. In general, the addition of gypsum increased the CL concentration in the water extract (Fig. 613) . Apart from the lowest gypsum treatment (I .0 g1100 g soil), an increase in the Clconcentration was observed for all gypsum additions. This increase could be attributed to the removal of Cl -ions present on the colloidal anion exchange surfaces by 5042_ ions (Sposito. 1985) and/or the dissolution of CL-containing minerals caused by the increase in soil acidity (Fig. IA) . Sumner et al. (1985) emphasized the role of anion exchange reactions in their work on soil columns. The authors found that SO 4 2-does not appear in the leachate until all Cl -has been removed from soil. In the present study, however, we have no reasonable explanation to the decrease in the concentration of Cl -as a result of the lowest gypsum addition (1.0 g/l00 g soil).
Similar to other nutrients, the dissolution of CL-containing minerals and Cl added with the 5-g peat sample might explain the increase in the Cl -concentration. Furthermore, it seems that the effect of peat on increasing the Cl_ concentration is somewhat dependent on the gypsum content in soil. The positive effect of peat on Cl -concentration was enhanced by increasing the amount of gypsum in Sharpsburg soil (Fig. 613) .
Copper and Zinc
The addition of gypsum significantly decreased the concentration of copper (Cu) and zinc (Zn) in Sharpsburg soil (Figs. 7A, B) . Meanwhile, increasing the rate of gypsum addition from I through 30 g/lOO g soil did not significantly change the concentration of Cu and Zn in soil. However, as reported in Table 2 , increasing the rate of gypsum from 30 to 50 g1100 g soil significantly increased the concentration of Zn (from 1.187 to 2.115 p.g Zn/kg), whereas it had only a modest increase for Cu (from 17.0 to 17.8 p.g Cu/kg). This increase could be attributed to the dissolution of Zn-and Cucontaining minerals as a result of the high sulfate and soil acidity (Lindsay, 1979) . In their study on two calcareous soils in South Central Montana, Cates et at. (1983) found that the addition of gypsum increased soil Cu, Zn. and Mn availability and barley yield. Viator et al. (2002) indicated that gypsum addition to sugarcane grown on a silty clay loam soil in Louisiana increased Ca. 5, Mn, and Zn leaf concentrations, but had no effect on N, P. K, Mg, Cu, and Fe concentrations. Furthermore, Takkar and Singh (1977) found that gypsum application on alkali soils markedly decreased the soil pH and significantly increased the available soil Zn concentrations and Zn uptake by rice. The application of peat significantly increased the concentration of both Cu and Zn in Sharpsburg soil and soil/gypsum mixtures. Similar to other nutrients, the dissolution of Cu-and Zn-containing minerals and the peat additive effect might explain the increase in the concentration of both micronutrients. Furthermore, it seemed that the effect of peat on increasing the element concentrations was somewhat dependent on the gypsum content in soil. The positive effect of peat on increasing both Cu and Zn concentrations was enhanced by increasing the amount of gypsum in Sharpsburg soil (Figs. 7A, B) .
SUMMARY AND CONCLUSIONS
Understanding the effect of gypsum content on the solubility of plant nutrients is important in determining the potential productivity ofgypsum-rich (gypsiferous) soils. The gypsum mineral supports high concentrations of Ca and sulfate ions in soil solution, which may negatively affect the solubility of other nutrients in soil, such as P, Fe, and Mn. Moreover, the high concentrations of Ca and 5Q42_ and associated salinity may have a physiological impact on root absorption sites, which reduces nutrients uptake and plant growth.
We investigated the effect of different levels of gypsum (in the presence or absence of peat) on the solubility of 13 nutrients. In a laboratory experiment, different amounts of gypsum ranging from 0 to 50 g were added to a lOO-g gypsum-free soil sample (Sharpsburg Fine, montmorillonitic, mesic Typic Argiudolls), then water was added to the soil/gypsum mixtures to keep the moisture at 50% of the saturation capacity. The effect of peat was investigated in another set of soil/gypsum mixtures, where a 5-g peat moss sample was applied to each mixture, and then water was added. The soillgypsuns and soil/gypsumlpeat mixtures were incubated at 32°C (90°F) for 15 weeks. After incubation, the water-extractable NO 3 -N, P, K, Fe. Ca, Na, Mg, Mn, SO42_, Cl, Cu. Zn, and B were determined in the mixtures.
The results indicated that the addition of gypsum increased the solubility of N0 1 -N, K, Ca, Mg, Mn, Cl, and SO4 , although it decreased P, Na, Fe, Cu, Zn, and B. Phosphorus was the only major nutrient that has been adversely affected by the addition of gypsum. On the other hand, the application of peat generally increased the solubility of all nutrients tested, except those of N0 1 -N, and SO42 . It can be concluded that the application of peat could effectively minimize the adverse effect of gypsum on P solubility and improve the solubility of most nutrients tested. Thus, the application of peat or other organic sources (i.e., animal manure and organic compost) could be recommended for gypsum-rich soils to increase its productivity. The widely accepted negative effects of gypsum on soil fertility as well as the limited response to fertilizer application could not be fully explained by the solubility data. We believe, however, that the physiological effects of adding large amounts of Ca and SO4 on nutrient uptake (root absorption sites) may play an important role in reducing the productivity of gypsumrich soils. For example, the high uptake of Ca may exert an antagonistic effect on Mg, K. and Mn absorption, even when sufficient concentrations of these nutrients are present in the soil solution. Investigating the el1ct of gypsum on nutrient absorption by plant roots was out of the scope of our study. Last, we conclude that understanding the effects of gypsum on both the nutrient solubility and absorption by plants would improve land management practices and help in increasing the productivity of these soils.
